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Robust growth of the gammaproteobacteriumMethylomicrobium buryatense strain 5G onmethane makes it an attractive sys-
tem for CH4-based biocatalysis. Here we present a draft genome sequence of the strain that will provide a valuable framework for
metabolic engineering of the core pathways for the production of valuable chemicals frommethane.
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Microbial utilization of methane is a key step in the carboncycle (1–3). Methanotrophs provide an attractive platform
for production of commodity chemicals and biofuels from natural
gas/renewable biogas (4–6). Over the last 10 years, several novel
methane-utilizing microbes have been isolated in pure culture but
only a few, including Methylomicrobium buryatense strain 5G,
show robust growth on methane (5–7).
The draft genome was generated at the Department of Energy
(DOE) Joint Genome Institute using Illumina sequencing (8). A
short-insert paired-end library (insert size of 270 bp) generated
7.25 Mbp of data (http://www.jgi.doe.gov/). The initial draft data
were assembled with Allpaths version 39750 and computationally
shredded into 10-kbp overlapping fake reads (9). The initial data
were also assembled with Velvet, version 1.1.05 (10), computa-
tionally shredded into 1.5-kbp overlapping fake reads, reassem-
bled with Velvet, and shredded into 1.5-kbp overlapping fake
reads. The fake reads from the Allpaths and two Velvet assemblies,
as well as a subset of the Illumina CLIP paired-end reads, were
assembled using parallel Phrap, version 4.24 (High Performance
Software, LLC). Possible misassemblies were corrected by manual
editing in Consed (11–13). Gap closure was accomplished using
repeat resolution software and sequencing of bridging PCR frag-
ments with Sanger and/or PacBio technologies (C. Han, W. Gu,
unpublished). Fifty-three PCR PacBio consensus sequences were
used to close gaps and to improve the quality of the final sequence.
The total estimated size of the genome is 5.4 Mb with an average
coverage of 1,343.
Comparative genome analysis of strain 5G and two other
Methylomicrobium species, M. album strain BG8 and M. alcaliphi-
lum strain 20Z, revealed that 5G was most similar to M. alcaliphi-
lum, sharing approximately 70% of its proteome at 90% protein
sequence identity.
We identified genes encoding membrane-associated methane
monooxygenase, soluble methane monooxygenase and an associ-
ated chaperon and a transcriptional activator (14), pyrroloquino-
line quinone (PQQ)-dependent methanol dehydrogenase, an as-
sociated c-cytochrome, genes for enzyme assembly and PQQ
biosynthesis, tetrahydromethanopterin- and tetrahydrofolate-
linked C1-transfer pathways, two formate dehydrogenases, and
the ribulose monophosphate pathway. The Embden-Meyerhof-
Parnas pathway, the Entner–Doudoroff pathway, and the pentose
phosphate pathway (transaldolase variant) are predicted. As with
the genomes of other gammaproteobacterial methanotrophs, the
genome of M. buryatense 5G encodes all genes essential for oper-
ation of the citric acid cycle and the serine cycle, except for phos-
phoenolpyruvate carboxylase, isocitrate lyase, and the ethylmalo-
nyl pathway (15,16).
Genes for urea uptake and hydrolysis, assimilatory nitrate/
nitrite reduction, dissimilatory nitric oxide reduction, and
ammonium uptake were identified. A gene homologous to hy-
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droxylamine oxidoreductase is present (17, 18). The ammo-
nium assimilation inventory includes genes for glutamate and
alanine dehydrogenases, glutamate synthase/glutamine syn-
thetase, serine-pyruvate/serine-glyoxylate, and aspartate ami-
notransferases (19). Genes essential for ectoine biosynthesis
were identified.
Nucleotide sequence accession numbers. The Methylomicro-
bium buryatense 5G genome sequence was deposited in GenBank/
EMBL under the accession numbers AOTL01000000 and
KB455575 and KB455576.
ACKNOWLEDGMENTS
This work was supported by the National Science Foundation (MCB-
0842686, to M.G.K.), NSERC (L.Y.S.), and the Russian Foundation for
Basic Research (RFBR 11-04-00801, to V.N.K.). The work conducted by
the U.S. Department of Energy Joint Genome Institute is supported by the
Office of Science of the U.S. Department of Energy under contract no.
DE-AC02-05CH11231.
REFERENCES
1. Op den Camp HJM, Islam T, Stott MB, Harhangi HR, Hynes A,
Schouten S, Jetten MSM, Birkeland N-K, Pol A, Dunfield PF. 2009.
Environmental, genomic and taxonomic perspectives on methanotrophic
Verrucomicrobia. Environ. Microbiol. Rep 1:293–306.
2. Semrau JD, DiSpirito AA, Yoon S. 2010. Methanotrophs and copper.
FEMS Microbiol. Rev. 34:496 –531.
3. Murrell JC, Jetten MSM. 2009. The microbial methane cycle. Environ.
Microbiol. Rep. 1:279 –284.
4. Trotsenko YA, Doronina NV, Khmelenina VN. 2005. Biotechnological
potential of aerobic methylotrophic bacteria: a review of current state and
future prospects. Appl. Biochem. Microbiol. 41:433– 441.
5. Ojala DS, Beck DA, Kalyuzhnaya MG. 2011. Genetic systems for mod-
erately halo(alkali)philic bacteria of the genus Methylomicrobium. Meth-
ods Enzymol. 495:99 –118.
6. Kaluzhnaya MG, Khmelenina VN, Eshinimaev B, Suzina N, Nikitin D,
Solonin A, Lin JL, McDonald I, Murrell C, Trotsenko YA. 2001.
Taxonomic characterization of new alkaliphilic and alkalitolerant metha-
notrophs from soda lakes of the southeastern Transbaikal region and de-
scription of Methylomicrobium buryatense sp. nov. Syst. Appl. Microbiol.
24:166 –176.
7. Kalyuzhnaya MG, Khmelenina V, Eshinimaev B, Sorokin D, Fuse H,
Lidstrom M, Trotsenko Y. 2008. Reclassification and emended descrip-
tion of halo(alkali)philic and halo(alkali)tolerant methanotrophs provi-
sionally assigned to the genera Methylomicrobium and Methylobacter and
emended description of the genus Methylomicrobium. Int. J. Syst. Evol.
Microbiol. 58:591–596.
8. Bennett S. 2004. Solexa Ltd. Pharmacogenomics 5:433– 438.
9. Butler J, MacCallum I, Kleber M, Shlyakhter IA, Belmonte MK, Lander
ES, NusbaumC, Jaffe DB. 2008. ALLPATHS: de novo assembly of whole-
genome shotgun microreads. Genome Res. 18:810 – 820.
10. Zerbino DR, Birney E. 2008. Velvet: algorithms for de novo short read
assembly using de Bruijn graphs. Genome Res. 18:821– 829.
11. Ewing B, Green P. 1998. Base-calling of automated sequencer traces using
Phred. II. Error probabilities. Genome Res. 8:186 –194.
12. Ewing B, Hillier L, Wendl MC, Green P. 1998. Base-calling of automated
sequencer traces using Phred. I. Accuracy assessment. Genome Res.
8:175–185.
13. Gordon D, Abajian C, Green P. 1998. Consed: a graphical tool for
sequence finishing. Genome Res. 8:195–202.
14. Csáki R, Bodrossy L, Klem J, Murrell JC, Kovács KL. 2003. Genes
involved in the copper-dependent regulation of soluble methane mono-
oxygenase of Methylococcus capsulatus (Bath): cloning, sequencing and
mutational analysis. Microbiology 149:1785–1795.
15. Svenning MM, Hestnes AG, Wartiainen I, Stein LY, Klotz MG, Kalyu-
zhnaya MG, Spang A, Bringel F, Vuilleumier S, Lajus A, Médigue C,
Bruce DC, Cheng JF, Goodwin L, Ivanova N, Han J, Han CS, Hauser L,
Held B, Land ML, Lapidus A, Lucas S, Nolan M, Pitluck S, Woyke T.
2011. Genome sequence of the Arctic methanotroph Methylobacter tun-
dripaludum SV96. J. Bacteriol. 193:6418 – 6419.
16. Ward N, Larsen Ø, Sakwa J, Bruseth L, Khouri H, Durkin AS, Dimitrov
G, Jiang L, Scanlan D, Kang KH, Lewis M, Nelson KE, Methé B, Wu M,
Heidelberg JF, Paulsen IT, Fouts D, Ravel J, Tettelin H, Ren Q, Read T,
DeBoy RT, Seshadri R, Salzberg SL, Jensen HB, Birkeland NK, Nelson
WC, Dodson RJ, Grindhaug SH, Holt I, Eidhammer I, Jonasen I,
Vanaken S, Utterback T, Feldblyum TV, Fraser CM, Lillehaug JR, Eisen
JA. 2004. Genomic insights into methanotrophy: the complete genome
sequence of Methylococcus capsulatus (Bath). PLoS Biol. 2:1616 –1628.
17. Campbell MA, Nyerges G, Kozlowski JA, Poret-Peterson AT, Stein LY,
Klotz MG. 2011. Model of the molecular basis for hydroxylamine oxida-
tion and nitrous oxide production in methanotrophic bacteria. FEMS
Microbiol. Lett. 322:82– 89.
18. Simon J, KlotzMG. 2013. Diversity and evolution of bioenergetic systems
involved in microbial nitrogen compound transformations. Biochim.
Biophys. Acta 1827:114 –135.
19. Boden R, Cunliffe M, Scanlan J, Moussard H, Kits KD, Klotz MG,
Jetten MS, Vuilleumier S, Han J, Peters L, Mikhailova N, Teshima H,
Tapia R, Kyrpides N, Ivanova N, Pagani I, Cheng JF, Goodwin L, Han
C, Hauser L, Land ML, Lapidis A, Lucas S, Pitluck S, Woyke T, Stein L,
Murrell JC. 2011. Complete genome sequence of the aerobic marine
methanotroph Methylomonas methanica MC09. J. Bacteriol. 193:
7001–7002.
Khmelenina et al.
Genome Announcements2 genomea.asm.org July/August 2013 Volume 1 Issue 4 e00053-13
 o
n
 June 4, 2018 by SCD UNIV LO
UIS PASTEUR
http://genom
ea.asm
.org/
D
ow
nloaded from
 
